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(54) DISPLAY DEVICE, ELECTRONIC APPLIANCE INCLUDING THE SAME, AND EXTERNAL 
POWER SUPPLY DEVICE

(57) The present invention relates an electronic ap-
pliance having a display device that displays an image
and to a method for operating a display device and to a
power supply device providing a driving voltage to a dis-
play device. To provide a display device avoiding high
inrush current to provide high quality in displaying images
a Electronic appliance including a display device (100),
the display device (100) is connected to an power supply
device (190) providing a driving power (AC) to the display
device (100), the display device (100) comprises a dis-
play panel (110) having a plurality of data lines (DL) and
gate lines (GL) crossing each other, a plurality of pixels
arranged in matrix form defined by the data and gate
lines (DL, GL), a data driver (120), a gate driver (130), a
timing controller (140) adapted to control the data and
gate drivers (120, 130), wherein the timing controller
(140) is adapted to control the driving of each gate line
(GL) of the gate driver (130) to correspond to a zero-cross
point of the driving power (AC) supplied from the power
supply device (190) for driving the display panel (110).
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Description

[0001] This application claims priority from and the
benefit under 35 U.S.C. §119(a) of Korean Patent Appli-
cation No. 10-2014-0150716, filed on October 31, 2014.

1. Field of the invention

[0002] The present invention relates an electronic ap-
pliance having display device that displays an image and
to a method for operating a display device. Further it re-
lates to a display device and to a power suppy device.

2. Description of the Prior Art

[0003] With the development of information-oriented
society, requests for display devices for displaying an
image have increased in various forms. Various types of
display devices, such as a Liquid Crystal Display (LCD),
a plasma display device, an organic light emitting display
device, are utilized.
[0004] Such a display device includes a display panel,
in which a plurality of data lines and a plurality of gate
lines are arranged, and a plurality of pixels are arranged,
a data driver that drives the plurality of data lines, a gate
driver that drives the plurality of gate lines, and a timing
controller that controls the data driver and the gate driver.
[0005] The data driver receives digital video data
(RGB) input thereto, converts the digital video data into
a data voltage Vdata in an analog form, and supplies the
data voltage to the plurality of data lines so as to drive
each of the data lines.
[0006] The gate driver sequentially supplies a scan sig-
nal of ON voltage or OFF voltage to the plurality of gate
lines so as to sequentially drive each of the gate lines.
[0007] The display device is driven by receiving an al-
ternating current (AC) power from an external power sup-
ply device, and when the gate drive sequentially drives
each of the gate lines according to a control signal from
the timing controller, an inrush current is generated in a
load in proportion to the voltage of the AC power from
the power supply device. That is, when the voltage of the
AC power is low at the driving timing of each gate line, a
low inrush current is generated. Whereas, when the volt-
age of the AC power is high at the driving timing of each
gate line, an excessive inrush current is generated in the
load, and the excessive inrush current drops the voltage
of the load.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide
an electronic appliance being coupled to a display device,
which avoids high inrush current to provide high quality
in displaying images. Furthermore, it is object to provide
a power supply device coupled to a display device, which
allows the display device to adopt the driving to the char-
acteristic of the supplied power.

[0009] The main idea of the present invention is to con-
sider the characteristic and/or behavior of the supplied
power when driving the display device, in particular, to
avoid driving a gate line when the supplied AC power is
high at the time of driving.
[0010] The object is of the present invention is solved
by the features of the independent claims. Preferred em-
bodiments are given in the dependent claims.
[0011] In one aspect of the invention the object is
solved by an electronic appliance including a display de-
vice or coupled to a display device, the display device is
connected to an power supply device providing a driving
power to the display device, the display device comprises
a display panel having a plurality of data lines and gate
lines crossing each other, a plurality of pixels arranged
in matrix form defined by the data and gate lines, a data
driver, a gate driver, a timing controller adapted to control
the data and gate drivers, wherein the timing controller
is adapted to control the driving of each gate line of the
gate driver to correspond to a zero-cross point of the
driving power supplied from the power supply device for
driving the display panel.
[0012] Preferably, the timing controller may generate
control signals for controlling the operation timing of the
data driver and the gate driver based on the timing of the
host system.
[0013] Preferably, the timing controller may generate
the control signals according to a zero-cross signal pro-
vided from the power supply device.
[0014] Preferably, the power supply device may gen-
erate the zero-cross signal for the AC power received
from outside and to provide the zero-cross signal to the
timing controller for enabling the timing controller to out-
put a gate control signal and/or a sensing signal to be
matched with the zero-cross signal.
[0015] Preferably, the power supply device may gen-
erate the zero-cross signal before rectifying the driving
voltage being supplied to the display device.
[0016] Preferably, the external power supply device
may comprise at least a zero-cross sensing unit to gen-
erate the zero-cross signal.
[0017] Preferably, the external power supply device
may further comprise a synchronization unit adapted to
rectify the AC power to generate a half-wave rectified
power and to transfer the rectified power to the zero-cross
sensing unit.
[0018] Preferably, the zero-cross sensing unit may re-
ceive the half-wave rectified power and senses zero
cross points where the voltage becomes zero in the half-
wave rectified power so as to generate a zero-cross sig-
nal ZCS.
[0019] Preferably, the zero-cross sensing unit may
provide the zero-cross signal having zero-cross points
detected per every half cycle of the AC power to the timing
controller.
[0020] Preferably, the timing controller may output the
gate control signals and/or sensing signals to be matched
with the zero-cross points included in the zero-cross sig-
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nal so that the timing when a gate line is turned ON and/or
the timing when sensing is initiated are matched with the
zero-cross points.
[0021] Preferably, the timing controller may provide at
least one of the gate control signal and the gate start
pulse to the gate driver in synchronization with the zero-
cross points of the zero-cross signal.
[0022] Preferably, the synchronization unit may in-
clude a photo coupler performing half-wave rectification
on the AC power supply.
[0023] Preferably, the display device is coupled to a
system board on which at least one of a host system, an
interface and the external power supply device is posi-
tioned. However, some of these components might be
realized as external device being coupled to the system
board and/or to the display device.
[0024] Preferably, the external power supply device
may generate at least one driving power including one
of a driving input voltage, a logic power voltage and a
high potential power voltage and to input the driving pow-
er to the power supply unit.
[0025] Preferably, the timing controller and the power
supply unit are disposed on a control board, wherein the
timing controller and the power supply unit are able to
transfer signals with the data driver.
[0026] Preferably, the display panel may be operated
in a display mode and a sensing mode for providing a
sensing function and a compensation function.
[0027] Preferably, the sensing mode starts at a time
when the power is turned OFF and the display panel per-
forms a sensing processing according to a power OFF
signal to store sensing data in a memory, wherein, when
the power is turned ON thereafter, the display panel per-
forms a compensation processing using the stored sens-
ing data.
[0028] Preferably, while the power is turned ON, the
sensing processing is performed in real time and the
mode is changed to the sensing mode according to the
predetermined timing (blanc) to perform the sensing
processing.
[0029] The object is also solved by a method for oper-
ating a display device comprising a display panel having
a plurality of data lines and gate lines crossing each other,
a plurality of pixels arranged in matrix form defined by
the data and gate lines, a data driver, a gate driver, a
timing controller, comprising the steps of: detecting zero-
cross points in the power received from outside; and con-
trol the driving of each gate line of the gate driver corre-
sponding to the detected zero-cross points.
[0030] Preferably, the power supply unit may supply
power to the display panel, data driver, gate driver and/or
the timing controller.
[0031] The object is also by a power supply device
which comprises at least a zero-cross sensing unit to
generate the zero-cross signal, which is supplied to a
display device receiving a driving voltage from the power
supply device.
[0032] Preferably, the external power supply device

comprises a synchronization unit adapted to rectify the
AC power to generate a half-wave rectified power and to
transfer the rectified power to the zero-cross sensing unit.
[0033] The zero-cross sensing unit may receives the
half-wave rectified power and senses zero cross points
where the voltage becomes zero in the half-wave rectified
power so as to generate a zero-cross signal ZCS. The
zero-cross sensing unit may provide the zero-cross sig-
nal having zero-cross points detected per every half cycle
of the AC power to a timing controller of the display de-
vice.
[0034] In a further aspect of the present invention a
display device is provided comprising: a display panel
including a plurality of data lines and a plurality of gate
lines disposed therein; a gate driver configured to drive
the plurality of gate lines; and a timing controller config-
ured to generate a signal for controlling driving of each
of the gate lines of the gate driver to correspond to a
zero-cross point of a driving power supplied from an ex-
ternal power supply device for driving the display panel.
[0035] Preferably, the timing controller receives a zero-
cross signal indicating the zero-cross point of the driving
power supplied from the external power supply device
for driving the display panel, and generates a signal for
controlling the driving of each of the gate lines of the gate
driver to be matched with the zero-cross signal.
[0036] Preferably, in a display mode in an active time
of one frame section, the timing controller provides a gate
control signal to the gate driver so that each of the gate
lines is sequentially driven to be matched with the zero-
cross signal.
[0037] Preferably, the gate control signal is a gate start
pulse that controls a start timing of a gate pulse.
[0038] Preferably, in a sensing mode of a blank time
of one frame section, the timing controller provides a
sensing signal for sensing a pixel to the gate driver to be
matched with the zero-cross signal.
[0039] Preferably, upon receiving a turn-OFF com-
mand from outside, the timing controller provides a sens-
ing signal for sensing a pixel to the gate driver to be
matched with the zero-cross signal.
[0040] Preferably, the sensing signal is a gate start
pulse that controls a start timing of a gate pulse.
[0041] In a further aspect of the present invention an
electronic appliance is provided comprising: an external
power supply device configured to generate a zero-cross
signal by sensing a zero-cross point of a driving power
for driving a display panel; and a display device config-
ured to generate a signal for controlling a plurality gate
lines disposed on the display panel to be matched with
the zero-cross signal provided from the external power
supply device.
[0042] In a further aspect of the present invention an
external power supply device is provided, comprising: a
power source configured to supply a driving power for
driving a display panel; and a zero-cross sensing unit
configured to generate a zero-cross signal used for driv-
ing a gate of the display panel by sensing a zero-cross
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point of the driving power generated from the power
source, and to supply the zero-cross signal to the display
panel.
[0043] Preferably, the external power supply device
comprises a synchronization unit configured to generate
a half-wave rectified power obtained through half-wave
rectification of the driving power and provide the half-
wave rectified power to the zero-cross sensing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The above and other objects, features and ad-
vantages of the present invention will be more apparent
from the following detailed description taken in conjunc-
tion with the accompanying drawings, in which:

FIG. 1 is a system block diagram schematically illus-
trating an electronic appliance including an external
power supply device and a display device, according
to an embodiment;
FIG. 2A is an equivalent circuit diagram for a pixel
structure of each pixel P arranged in a display panel
in a case where a display device according to em-
bodiments is an organic light emitting display device;
FIG. 2B is a timing chart illustrating sensing mode
sections and display mode sections of a display de-
vice according to embodiments;
FIG. 3 is a constitution block diagram of an external
power supply device according to an embodiment of
the present invention;
FIG. 4 is a circuit diagram of the external power sup-
ply device according to the embodiment of the
present invention;
FIG. 5A is a view illustrating an external power wave-
form, a half-wave rectification waveform, a constant
voltage waveform, and a zero-cross signal of the ex-
ternal power supply device of FIG. 4;
FIG. 5B is a signal diagram illustrating an external
power waveform of the external power supply device
of FIG. 4 and signals at the S-terminal, R-terminal,
and Q-terminal of a flip-flop;
FIG. 6 is a graph illustrating an external power wave-
form, a zero-cross signal, a gate control signal, a
sensing signal, and a peak current; and
FIG. 7 is a graph illustrating an external power wave-
form, an inrush and peak current waveform accord-
ing to a voltage, a gate control signal, and a peak
current.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0045] Hereinafter, some embodiments of the present
invention will be described in detail with reference to il-
lustrative drawings. In adding reference signs to ele-
ments in each drawing, the same elements will be des-
ignated by the same reference numerals although they
are shown in different drawings. Further, in the following

description of the present invention, a detailed descrip-
tion of known functions and configurations incorporated
herein will be omitted when it may make the subject mat-
ter of the present invention rather unclear.
[0046] In addition, terms, such as first, second, A, B,
(a), (b) or the like may be used herein when describing
components of the present invention. These terms are
merely used to distinguish one structural element from
other structural elements, and a property, an order, a
sequence and the like of a corresponding structural ele-
ment are not limited by the term. It should be noted that
if it is described in the specification that one component
is "connected," "coupled" or "joined" to another compo-
nent, a third component may be "connected," "coupled,"
and "joined" between the first and second components,
although the first component may be directly connected,
coupled or joined to the second component.
[0047] FIG. 1 is a system block diagram schematically
illustrating an electronic appliance including an external
power supply device and a display device, according to
an embodiment.
[0048] Referring to FIG. 1, an electronic appliance ac-
cording to the present embodiments refers to an elec-
tronic appliance including a display device 100, such as
a television system, a home theater, a set-top box, a nav-
igation system, a DVD player, a blue-ray player, a per-
sonal computer, a phone system, a notebook personal
computer, or a monitor.
[0049] The electronic appliance according to the
present embodiments includes a display device 100 and
a system board 175.
[0050] The display device 100 includes, for example,
a display panel 110, in which a plurality of data lines, a
plurality of gate lines, and a plurality of pixels are ar-
ranged, a plurality of drivers 120 and 130 that drive the
display panel 110, a timing controller 140 that controls
the drivers 120 and 130, and a power supply unit 150
that supplies a power.
[0051] On the system board 175, a host system 180
and an external power supply device 190 are positioned.
[0052] In the display panel 110, the data lines DL and
the gate lines GL are arranged to cross each other. The
display panel 110 includes the pixels arranged in a matrix
form in the cell regions defined by the data lines DL and
the gate lines GL.
[0053] A power supplied from the power supply unit
150 may be applied to the display panel 110 via the data
driver 120, in which, for power monitoring, the power may
be applied to bypass on a film on which the data driver
120 is disposed. The plurality of drivers 120 and 130 in-
clude at least one data driver 120 that drives the plurality
of data lines DL and at least one gate driver 130 that
drives the plurality of gate lines.
[0054] The data driver 120 receives digital video data
RGB input from the timing controller 140. The data driver
120 stores the input digital video data to a memory (not
illustrated), converts the digital video data RGB into a
data voltage Vdata in an analog form using a gamma
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reference voltage according to a control of the timing con-
troller 140, and supplies the data voltage to the plurality
of data lines DL so as to drive each data line DL.
[0055] The data driver 120 may be implemented by an
integrated circuit. The data driver 120 may be connected
to a bonding pad of the display panel 110 in a Tape Au-
tomated Bonding (TAB) manner or a Chip On Glass
(COG) manner, or directly formed on the display panel
110. Occasionally, the data driver 120 may be formed by
being integrated in the display panel 110.
[0056] The gate driver 130 is connected to the gate
lines GL of the display panel 110 to sequentially output
a gate signal to the gate lines GL. That is, the gate driver
130 sequentially supplies a scan signal of ON voltage or
OFF voltage to the plurality of gate lines GL according
to a control of the timing controller 140 so as to sequen-
tially drive each of the gate lines GL.
[0057] The gate driver 130 may be implemented by an
integrated circuit. The gate driver 130 may be connected
to the bonding pad of the display panel 110 in the TAB
manner or the COG manner, or implemented in a Gate
Drive-IC In Panel (GIP) type to be directly formed in the
display panel 110. Occasionally, the gate driver 130 may
be formed by being integrated in the display panel 110.
[0058] Meanwhile, depending on a driving method, the
gate driver 130 may be positioned only at one side of the
display panel 110 or divisionally positioned at both sides
of the display panel 110.
[0059] The timing controller 140 receives the digital
video data RGB input from the external host system 180
via an interface, such as a Low Voltage Differential Sig-
naling (LVDS) interface, a Transition Minimized Differ-
ential Signaling (TMDS) interface, or a Mobile Industrial
Processor Interface (MIPI). The timing controller 140
transmits the digital video data RGB input from the host
system 180 to the data driver 120.
[0060] In addition, the timing controller 140 receives a
timing signal, such as vertical synchronous signal Vsync,
a horizontal synchronous signal Hsync, a data enable
signal DE, or a main clock MCLK, input from the host
system 180, via the LVDS or TMDS interface.
[0061] The timing controller 140 generates control sig-
nals for controlling the operation timing of the data driver
120 and the gate driver 130 with reference to the timing
signal from the host system 180. The control signals may
include a gate control signal GCS for controlling the op-
eration timing of the gate driver 130, a data control signal
DCS for controlling the operation timing and the polarity
of the data voltage of the data driver 120, and a power
control signal PCS for controlling power generation and
supply of the power supply unit 150. In addition, the con-
trol signals provided by the timing controller 140 includes
a sensing signal required for performing a sensing func-
tion for sensing a unique characteristic value (e.g.,
threshold voltage or mobility) for an element of a transis-
tor disposed in each pixel, as will be described with ref-
erence to FIGS. 2a and 2b.
[0062] The data control signal DCS includes, for ex-

ample, a source start pulse SSP, a source sampling clock
SSC, and a source output enable signal SOE. The gate
control signal GCS includes, for example, a gate start
pulse GSP, a gate shift clock GSC, and a gate output
enable signal GOE. The gate start pulse GSP controls
the start timing of a gate pulse. The gate shift clock GSC
is a clock signal for shifting the gate start pulse GSP. The
gate output enable signal GOE controls the output timing
of the gate driving circuit.
[0063] The sensing signal may include signals that
equal to, for example, the gate start pulse GSP, the gate
shift clock GSC, and the gate output enable signal GOE
of the gate control signal GCS. Meanwhile, the gate con-
trol signal GCS and the sensing signal may be used as
the same signal. That is, the gate control signal for driving
the gate lines may also be used as the sensing signal for
driving a sensing line.
[0064] When generating the control signals, the timing
controller 140 generates a signal for controlling the driv-
ing of each gate line of the gate driver to correspond to
a zero-cross point of the driving power supplied from the
external power supply device 190 for driving the display
panel 110. More specifically, the timing controller 140
generates the control signals by adjusting the timing sig-
nal according to the zero-cross signal provided from the
external power supply device 190 according to an em-
bodiment of the present invention. A process for gener-
ating the zero-cross signal from the external power sup-
ply device 190 will be described later.
[0065] The power supply unit 150 supplies a power, a
voltage, or a current used by the data driver 120, the gate
driver 130, and the display panel 110.
[0066] Referring to FIG. 1 again, the timing controller
140 and the power supply unit 150 may be disposed on
a control board 160 (also referred to as a "control printed
circuit board"). The timing controller 140 and the power
supply unit 150 are able to signal transfer with the data
driver 120.
[0067] The display device 100 may be one of, for ex-
ample, a liquid crystal display device, a plasma display
device, and an organic light emitting display device.
[0068] FIG. 2A is an equivalent circuit diagram for a
pixel structure of each pixel P arranged in a display panel
110 in a case where the display device 100 according to
embodiments is an organic light emitting display device.
[0069] Referring to FIG. 2A, in the case where the dis-
play device 100 according to embodiments is an organic
light emitting display device, each pixel P disposed in the
display panel 110 has , for example, a 3T1C pixel includ-
ing three transistors DT, T1, and T2 and one storage
capacitor in addition to an Organic Light Emitting Diode
(OLED).
[0070] More specifically, each pixel P includes: an or-
ganic light emitting diode OLED; a driving transistor DT
connected between a node N3, to which a driving voltage
EVDD via a driving voltage line DVL, and the organic
light emitting diode OLED; a first transistor T1 controlled
by a first scan signal SCAN supplied through a first gate
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line GL1, and connected between a data line DL that
supplies a data voltage Vdata and a first node N1 (gate
node) of the driving transistor DT; a second transistor T2
controlled by a second scan signal SENSE supplied
through a second gate line GL2, and connected between
a node, to which a reference voltage Vref is supplied
through a reference voltage line RVL, and a second node
N2 (e.g., source node or drain node) of the driving tran-
sistor DT; and a storage capacitor Cstg connected be-
tween the first node N1 and the second node N2 of the
driving transistor DT.
[0071] The first transistor T1 is turned ON or turned
OFF by the first scan signal SCAN so as to apply the
data voltage Vdata supplied thereto through the data line
DL to the gate node N1 of the driving transistor DT that
drives the organic light emitting diode OLED.
[0072] That is, the first transistor T1 is a switching tran-
sistor that switches the voltage applied to the gate node
N1 of the driving transistor DT so as to control the driving
transistor DT.
[0073] In addition, the second transistor T2 is a tran-
sistor that may apply a constant voltage Vref at the time
of display driving during the blanking period of the display
driving period and/or during sensing driving to the second
node N2 of the driving transistor DT in order to initiate
the second node N2. The constant voltage Vref is not
applied to N2 during light emssion period.
[0074] In addition, the second transistor T2 is turned
ON for a predetermined length of time of a sensing mode
section so as to the voltage of the second node N2 (e.g.,
source node or drain node) of the driving transistor DT
to be sensed through the reference voltage line RVL.
[0075] Here, the reference voltage line RVL also
serves as a sensing line where the voltage of the second
node N2 (e.g., source node or drain node) of the driving
transistor DT is sensed while serving as a line where the
reference voltage Vref is supplied.
[0076] In each pixel P disposed in the display panel
110 illustrated in FIG. 2A, it has been described that the
first gate line GL that supplies the first scan signal and
the second gate line GL2 that supplies the second scan
signal are separate from each other. However, the first
gate line GL1 and the second gate line GL2 may be con-
figured by one gate line.
[0077] Meanwhile, various circuit elements such as the
transistors disposed in each pixel P of the display panel
110 have unique characteristic values. For example, the
transistors have unique characteristic values such as a
threshold voltage Vth and a mobility.
[0078] The unique characteristic values may be slightly
different from each other from transistor to transistor. Due
to this, a difference in brightness may occur between
respective pixels. In particular, the transistors may be
degraded as the driving time increases, and depending
on a difference in degradation degree, the deviation of
the unique characteristic values may further increase
from transistor to transistor, and due to this, the deviation
in brightness may become more severe between the pix-

els.
[0079] As a result, the display device 100 may provide
a sensing function that senses unique characteristic val-
ues (e.g., threshold voltage and mobility) for the circuit
elements such as the transistors disposed in each pixel,
and a compensation function that progresses data com-
pensation for changing data to be supplied to each pixel
in order to compensate for the deviation in unique char-
acteristic value between the circuit elements based on a
sensed result (sensing data) obtained as a result of sens-
ing the unique characteristic values of the circuit ele-
ments, that is the deviation in brightness between the
pixels.
[0080] In order to provide the sensing function and the
compensation function, the display panel 110 may be
operated in a display mode and a sensing mode.
[0081] When the sensing mode progresses at the time
when the power is turned OFF, the display panel 110
may perform a sensing processing according to a power
OFF signal to store sensing data in the memory. There-
after, when the power is turned ON, the display panel
110 may perform a compensation processing (data com-
pensation processing) using the stored sensing data.
That is, when a processing of turning OFF the power of
the display device 100 is performed, the mode is changed
to the sensing mode so that the sensing processing may
be performed.
[0082] Occasionally, in the display panel 110 of the
display device 100 according to embodiments, while the
power is turned ON, the sensing processing may be per-
formed in real time. That is, while the power of the display
device 100 is turned ON, the mode is changed to the
sensing mode according to the predetermined timing so
that the sensing processing may be performed. FIG. 2B
exemplifies sensing timing for this.
[0083] FIG. 2B is a timing chart illustrating sensing
mode sections and display mode sections of a display
device according to embodiments.
[0084] Referring to FIG. 2B, when the real time sensing
function is applied while the power is turned ON, the dis-
play panel 110 of the display device 100 according to
embodiments may be driven alternately in the display
mode and the sensing mode. That is, the display panel
110 is operated in the display mode and the sensing
mode in a time divisional manner.
[0085] For example, the display panel 110 may be driv-
en such that one frame section is divided into one display
mode section and one sensing mode section.
[0086] More specifically, one frame section may be di-
vided into an active time and a blank time with reference
to a vertical synchronous signal Vsync. In the active time,
the display panel 110 may be driven in the display mode,
and in the blank time, the display panel 110 may be driven
in the sensing mode.
[0087] Referring to FIG. 1 again, the host system 180
positioned on the system board 175 generates a timing
signal such as a vertical synchronous signal Vsync, a
horizontal synchronous signal Hsync, a data enable sig-
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nal DE, or a dot clock CLK, for example, through the
LVDS interface or TMDS interface transmission circuit
together with RGB video data input from a broadcasting
reception signal or an external video source, and supplies
the signals to the timing controller 140 via a user con-
nector 170. The host system 180 may perform a graphic
processing of, for example, a scaler that interpolates the
resolution of the RGB video data input from the broad-
casting reception circuit or the external video source to
be suitable for the resolution of the display panel and
performs signal interpolation.
[0088] When the power of the display device is turned
ON, the external power supply device 190 positioned on
the system board 175 may generate at least one driving
power among a driving input voltage Vin, a logic power
voltage VDD, and a high potential power voltage EVDD,
and inputs the driving power to the power supply unit 150
through the user connector 170.
[0089] For example, when the external power supply
device 190 generates the logic power voltage VDD and
the high potential power voltage EVDD, and then sup-
plies the logic power voltage VDD and the high potential
power voltage EVDD to the power supply unit 150 of the
control board 160 through the user connector 170, the
power supply unit 150 supplies the logic power voltage
VDD to, for example, the timing controller 140, and sup-
plies the high potential power voltage EVDD to the timing
controller 140 and the pixels or display elements of the
display panel 110.
[0090] In another example, when the external power
supply device 190 generates the driving input voltage Vin
and then supplies the driving input voltage Vin to the pow-
er supply unit 150 of the control board 160 through the
user connector 170, the power supply unit 150 generates
the logic power voltage VDD and the high potential power
voltage EVDD using the driving input voltage Vin and
then, supplies the logic power voltage VDD to, for exam-
ple, the timing controller 140 and supplies the high po-
tential power voltage EVDD to the timing controller 140
and the pixels or display elements of the display panel
110.
[0091] The logic power voltage VDD is input to circuits
of, for example, a reset circuit 155, the timing controller
140, the data driver 120, and the gate driver 130 to drive
the circuits.Furthermore, the high potential power voltage
EVDD is supplied to the timing controller 140 and each
of the pixels of the display panel 110 so as to initiate the
normal driving. Although FIG. 1 illustrates that the reset
circuit 155 is configured separately from the power supply
unit 150, the reset circuit 155 may be configured in the
power supply unit 150.
[0092] In the foregoing, it has been described that the
external power supply device 190 is positioned on the
system board 175, but the present invention is not limited
thereto. For example, the external power supply device
190 may be independently positioned, for example, in a
case or a frame of the electronic appliance illustrated in
FIG. 1.

[0093] FIG. 3 is a constitution block diagram of an ex-
ternal power supply device 190 according to an embod-
iment of the present invention.
[0094] Referring to FIG. 3, the external power supply
device 190 of the present embodiment generates a zero-
cross signal for the AC power received from outside and
provides the zero-cross signal to the timing controller 140
so that the timing controller 140 outputs a gate control
signal and a sensing signal to be matched with the zero-
cross signal. As a result, at the time when the voltage of
the AC power is high, the gate control signal or the sens-
ing signal is not output such that occurrence of an ex-
cessive inrush current can be prevented.
[0095] In order to generate the zero-cross signal, the
external power supply device 190 may include a power
source 191, a synchronization unit 193, and a zero-cross
sensing unit 195.
[0096] The power source 191 is an external power sup-
ply that generates a power for driving the display panel
and may use a 220V AC power supply having a frequency
of, for example, 60Hz, 120Hz, or 240Hz.
[0097] The synchronization unit 193 rectifies the AC
power provided from the power source 191 and transfers
the rectified power to the zero-cross sensing unit 195. At
this time, the synchronization unit 193 rectifies the AC
power from the power source 191 to generate a half-
wave rectified power.
[0098] The zero-cross sensing unit 195 may be pro-
vided with the half-wave rectified power rectified and gen-
erated in the synchronization unit 193, and sense zero
cross points where the voltage becomes zero in the half-
wave rectified power so as to generate a zero-cross sig-
nal ZCS.
[0099] In general the zero-cross point refers to a point
where a certain waveform crosses a zero point. The zero-
cross point only includes a case where a waveform cross-
es the zero point while progressing from positive (+) to
negative (-), but does not include a case in which a wave-
form crosses the zero point while progressing from neg-
ative (-) to positive (+). As a result, for one cycle of a sine
wave (16.6 ms in the case of 60 Hz), only one zero-cross
point is detected.
[0100] However, the present embodiment performs
half-wave rectification on the AC power by the synchro-
nization unit 193 so that the waveform progress from pos-
itive (+) to negative (-) at every half cycle. Thus, zero-
cross points can be detected per every half cycle (8.3 ms
in the case of 60 Hz).
[0101] The zero-cross sensing unit 195 provides a ze-
ro-cross signal having zero-cross points detected per
every half cycle of the AC power to the timing controller
140. Then, the timing controller 140 outputs the above-
described gate control signals and sensing signals to be
matched with the zero-cross points included in the zero-
cross signal so that the timing when a gate is turned ON
and the timing when sensing is initiated are matched with
the zero-cross points.
[0102] FIG. 4 is a circuit diagram of the external power
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supply device 190 according to the embodiment of the
present invention. FIG. 4 is an exemplary circuit diagram.
Since the circuit for detecting a zero-cross signal may be
variously designed, the external power supply device 190
of the present invention is not limited to the circuit diagram
exemplified in FIG. 3.
[0103] FIG. 5A is a view illustrating an external power
waveform, a half-wave rectification waveform, a constant
voltage waveform, and a zero-cross signal of the external
power supply device 190 of FIG. 4. FIG. 5B is signal
diagram illustrating an external power waveform of the
external power supply device 190 of FIG. 4 and signals
at the S-terminal, R-terminal, and Q-terminal of a flip-flop.
[0104] In FIG. 4, block A indicates a power source 191,
block B indicates a synchronization unit 193, and block
C indicates a zero-cross sensing unit 195.
[0105] The power source 191 may use, for example,
an AC power of 60 Hz and 220 V, as illustrated in (A) of
FIG. 5A.
[0106] The synchronization unit 193 may include a
photo coupler 210 that performs half-wave rectification
on the power source 191 which is an AC power supply,
and is connected to the power source 191, and a first
operation power VCC provided to the zero-cross sensing
unit 195 according to the operation of the photo coupler
210.
[0107] The photo coupler 210 includes one pair of light
emitting diodes 201 and 202, each of which is serially
connected to the power source 191, and a transistor 203
that is switched by the light from the pair of light emitting
diodes 201 and 202.
[0108] The one pair of light emitting diodes 201 and
202 are connected in parallel to each other, in which the
light emitting diodes will be referred to as first and second
light emitting diodes 201 and 202. Here, the first light
emitting diode 201 is connected in a forward direction
with respect to the power source 191, and the second
light emitting diode 202 is connected in a reverse direc-
tion with respect to the power source 191. As a result,
when the AC power is positive (+), a current flows in the
first light emitting diode 201 so that the first light emitting
diode 201 emits light, and when the AC power is negative
(-), a current flows in the second diode 202 so that the
second light emitting diode 202 emits light.
[0109] The transistor 203 is configured as an NPN tran-
sistor 203, in which the emitter is connected to the first
operation power VCC, and the collector is connected to
a ground GND. In addition, the base of the transistor 203
is disposed adjacent to the first and second light emitting
diodes 201 and 202 so that the transistor 203 is switched
by the light provided from the first and second light emit-
ting diodes 201 and 202.
[0110] The first operation power VCC is connected to
the emitter of the transistor 203, and a resistor is provided
between the first operation power VCC and the emitter.
Between the resistor and the emitter of the transistor 203,
a power line is connected to provide the first operation
power VCC to the zero-cross sensing unit 195.

[0111] Now the operation of the synchronization unit
193 will be described.
[0112] First, when a positive (+) AC power is supplied
from the power source 191, a current flows in the first
light emitting diode 201 so that the first light emitting diode
201 starts to emit light. When the first light emitting diode
201 starts to emit light, the transistor 203 starts its oper-
ation to control the flow of the current provided from the
first operation power VCC depending on the amount of
light emitted from the first light emitting diode 201. That
is, as the amount of the light generated from the first light
emitting diode 201 is increased, the amount of the current
flowing in the transistor 203 is increased.
[0113] On the contrary, when a negative (-) AC power
is supplied from the power source 191, a current flows
in the second light emitting diode 202 so that the second
light emitting diode 202 starts to emit light. When the
second light emitting diode 202 starts to emit light, the
transistor 203 starts to operate and controls the flow of
the current provided from the first operation power Vcc
depending on the amount of the light emitted from the
second light emitting diode 202. That is, as the amount
of the light emitted from the second light emitting diode
202 increases, the amount of the current flowing in the
transistor 203 increases.
[0114] Thus, as the voltage of the positive (+) AC power
increases and then decreases while describing a sine
wave in the first half wavelength of the power source 191,
the current flowing in the transistor 203 also increases
and then decreases. Likewise, as the voltage of the neg-
ative (-) AC power increases and then decreases while
describing the sine wave in the next half wavelength of
the power source 191, the current flowing in the transistor
203 also increases and then decreases.
[0115] When the AC power from the power source 191
is rectified in the photo coupler 210 of the synchronization
unit 193 as described above, a half-wave rectified power
is generated by the first and second light emitting diodes
201 and 202 as illustrated in (B) of FIG. 5A, and the half-
wave rectified power is transmitted to the zero-cross
sensing unit 195. As the synchronization unit 193 per-
forms the half-wave rectification on the AC power in this
manner, it is possible to detect two zero-cross points per
one cycle of a sine wave. The external power supply unit
190 may not include the synchronization unit 193 as
needed.
[0116] As illustrated in block C in FIG. 4, the zero-cross
sensing unit 195 may include, for example, a zener diode
215, a MOSFET 220, and a flip-flop 230.
[0117] The zener diode 215 is generally capable of
maintaining the voltage across the zener diode 215 con-
stantly to generate a constant voltage. The zener diode
215 of the zero-cross sensing unit 195 is provided with
the half-wave rectified power output from the synchroni-
zation unit 193 and generates a reverse current with re-
spect to the half-wave rectified power, thereby generating
zener yield. Thus, when the half-wave rectified power
from the synchronization unit 193 passes through the
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zener diode 215, a constant voltage with a pre-set level
is generated as illustrated in (C) of FIG. 5A. The constant
voltage is provided to the MOSFET 220 to turn ON/OFF
the MOSFET 220.
[0118] The MOSFET 220 is configured as the P-chan-
nel, in which the gate is connected to the zener diode
215, and the source is connected to the power line ex-
tending between the zener diode 215 and the gate. In
addition, the power line is connected to the ground. The
drain of the MOSFET 220 is connected to a second op-
eration power 235 for operating the flip-flop 230. For ex-
ample, the second operation power 235 has a voltage
value of 6V. The MOSFET 220 is turned ON while the
constant voltage is provided from the zener diode 215,
and turned OFF while the constant voltage is not provid-
ed.
[0119] When the constant voltage is provided from the
zener diode 215 and the MOSFET 220 is turned ON, the
second operation power 235 is discharged through the
drain and the emitter so that no power is supplied to the
flip-flop 230. Whereas, when no constant voltage is sup-
plied from the zener diode 215, the MOSFET 220 is
turned OFF, and the second operation power 235 of 6V
is supplied to the flip-flop 230.
[0120] Meanwhile, the constant voltage is generated
from the zener diode 215 in the case where the flow of
the current in the transistor 203 of the photo coupler 210
is controlled and the power supplied from the power
source 191 is larger than zero (0) or smaller than zero
(0). That is, when the power supplied from the power
source 191 is not zero (0), the constant voltage is gen-
erated from the zener diode 215, in which case the MOS-
FET 220 is turned ON so that no power is supplied to the
flip-flop 230.
[0121] Whereas, the MOSFET 220 is turned OFF and
the second operation power 235 is supplied to the flip-
flop 230 in the case where no constant voltage is supplied
from the zener diode 215 and the power supplied from
the power source 191 is zero (0). That is, the section
where the MOSFET 220 is turned OFF so that the second
operation power 235 is supplied to the flip-flop 230 be-
comes a zero-cross section.
[0122] The flip-flop 230 is connected between the drain
terminal of the MOSFET 220 and the second operation
power 235, and the power line extending between the
drain terminal of the MOSFET 220 and the second op-
eration power 235 is divided into two, one of which is
connected to the S-terminal of the flip-flop 230, and the
other is connected to the R-terminal of the flip-flop 230.
That is, both the S-terminal and R-terminal of the flip-flop
230 are connected between the drain terminal of the
MOSFET 220 and the second operation power 235.
[0123] A delay filter 225 is provided on the power line
connected to the S-terminal of the flip-flop 230 to delay
the second operation power 235 supplied to the S-termi-
nal of the flip-flop 230. At this time, the second operation
power 235 supplied to the S-terminal is set to be delayed
by a predetermined time, for example, 20 ms, by the delay

filter 225. Thus, the second operation power 235 is sup-
plied to the R-terminal earlier than the S-terminal, and
after 20ms delay, supplied to the S-terminal.
[0124] A signal input to the S-terminal of the flip-flop
230, a signal input to the R-terminal of the flip-flop 230,
and a signal output from the Q-terminal of the flip-flop
230 are illustrated in (B) to (D) of FIG. 5B.
[0125] When the second operation power 235 is sup-
plied to the flip-flop 230, the input signal of the R-terminal
becomes 1, and the input signal of the S-terminal be-
comes 0. Thus, the output signal of the Q-terminal be-
comes 1. With the elapse of the delay time, the input
signal of the R-terminal becomes 0, and the input signal
of the S-terminal becomes 1. Thus, the output signal of
the Q-terminal becomes 0. Thereafter, when both the
input signals of the S-terminal and the R-terminal are 0,
the output signal of the Q-terminal maintains 0.
[0126] Thus, the output signal of the Q-terminal of the
flip-flop 230 is output as 1 at every zero-cross point of
the power source 191 as illustrated in (D) of FIG. 5B.
Thus, in the zero-cross sensing unit 195, the zero-cross
signal as illustrated in (D) of FIG. 5A is output from the
flip-flop 230.
[0127] FIG. 6 is a graph illustrating an external power
waveform, a zero-cross signal, a gate control signal, a
sensing signal, and a peak current.
[0128] The zero-cross signal generated as illustrated
in (B) of FIG. 6 in the zero-cross sensing unit 195 as
described above is supplied to the timing controller 140.
[0129] Upon being provided with the zero-cross signal,
the timing controller 140 outputs a gate control signal or
a sensing signal synchronized with the zero-cross points
included in the zero-cross signal, for example, a gate
start pulse GSP/ voltage sensing pulse VSP illustrated
in (C) of FIG. 6, and provides the gate control signal or
the sensing signal to the gate driver 130.
[0130] Upon entering the display mode, the timing con-
troller 140 provides the gate control signal as illustrated
in (C) of FIG. 6, for example, the gate start pulse
GSP/VSP to the gate driver 130 in synchronization with
the zero-cross points of the zero-cross signal.
[0131] The gate driver 130 sequentially supplies scan
signals (the first scan signal SCAN of FIG. 2A) to each
of the gate lines (GL in FIG. 1 or GL1 in FIG. 2A) in syn-
chronization with the gate control signal supplied from
the timing controller 140 so that each gate is turned ON
and the gate lines are driven. Thus, since the gate driver
130 outputs the scan signal of each gate line in synchro-
nization with the zero-cross points of the zero-cross sig-
nal, the peak current generated at the time of driving each
gate line has a small value that is equal to or less than a
predetermined value, as illustrated in (D) of FIG. 6. As
the peak current of a load has the value that is equal to
or less than a predetermined value like this, it is possible
to prevent the voltage of the load from dropping.
[0132] Upon entering the sensing mode between the
display modes, the timing controller 140 supplies the
sensing signal SS synchronized with the zero-cross
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points of the zero-cross signal as illustrated in (C) of FIG.
6, for example, a gate start pulse GSP/VSP, to the gate
driver 130.
[0133] Even in this sensing mode, the gate driver 130
should sequentially drive each of the gate lines (GL2 of
FIG. 2A) connected to the sensing target pixels.
[0134] As a result, the gate driver 130 sequentially pro-
vides scan signals (the second scan signal SENSE of
FIG. 2A) to be matched with the zero-cross points of the
zero-cross signal to each of the gate lines, to which each
pixel is connected, so as to drive each gate line. At this
time, the mobility and/or threshold value of the driving
transistor 203 that drives each pixel are sensed.
[0135] Accordingly, as in the display mode, even in the
sensing mode, the peak current generated at the time of
driving each gate line has a small value that is equal to
or less than a predetermined value as illustrated in (D)
of FIG. 5. As the peak current of the load has the value
that is equal to or less than the predetermined value like
this, it is possible to prevent the voltage of the load from
dropping.
[0136] In the above-described embodiment, descrip-
tions have been made on the case in which a sensing
mode is performed in a blank time between display
modes so as to sense the mobility of the driving transistor
203 by way of an example. However, the sensing mode
may also be performed in the time where the display de-
vice 100 is turned OFF. In such a case, the mobility and/or
threshold voltage of the driving transistor 203 are sensed,
and the timing controller 140 provides a sensing signal
SS for sensing in each gate line to the gate driver 130 to
be matched with the zero-cross signal, and the gate driver
130 drives each gate line according to the sensing signal.
[0137] FIG. 7 is a graph illustrating an external power
waveform, an inrush and peak current waveform accord-
ing to a voltage, a gate control signal, and a peak current.
[0138] As described above, when an AC power as il-
lustrated in (A) of FIG. 7 is supplied from the external
power source 191, the external power supply device 190
according to an embodiment of the present invention
senses zero-cross points for the AC power so as to gen-
erate a zero-cross signal, and the timing controller 140
of the display device 100 receives the zero-cross signal
provided from the external power supply device 190.
[0139] In the display mode, the timing controller 140
supplies a gate control signal to the gate drive 130 to be
matched with the zero-cross signal so that each of the
gate lines are sequentially display-driven to be matched
with the zero-cross points. In addition, even in the sensing
mode, the timing controller 140 supplies the sensing sig-
nal to the gate driver 130 to be matched with the zero-
cross signal so that each of the gate lines are sensing-
driven to be matched with the zero-cross points. At this
time, the gate control signal and the sensing signal are
matched with the zero-cross signal, as illustrated in (B)
and (C) of FIG. 6.
[0140] In the case where the timing controller 140 gen-
erates the gate control signal and the sensing signal to

be matched with the zero-cross signal as described
above, the timing when the gate is turned ON is changed,
for example, from point a to point b, as illustrated in (C)
of FIG. 7.
[0141] If the gate control signal and the sensing signal
are generated without being matched with the zero-cross
signal, for example, when the gate is turned ON at point
a, the gate is turned ON at a state where the voltage of
the power source 191 is high, as illustrated in (B) of FIG.
7. Thus, as illustrated in (D) of FIG. 7, a high inrush current
I may be generated and thus, the voltage may drop.
[0142] However, when the gate control signal and the
sensing signal are generated to be matched with the ze-
ro-cross signal as in the embodiment of the present in-
vention, that is, when the gate is turned ON at point b,
the gate is turned ON in a state where the voltage of the
power source 191 is low, as illustrated in (B) of FIG. 7.
Thus, as illustrated in (D) of FIG. 7, a low inrush current
is generated.
[0143] As described above, when the gate of each gate
line is driven at a zero-cross point in the display mode
and the sensing mode, as illustrated in (D) of FIG. 7, an
inrush current with a low peak current is generated as
can be seen from point b. Accordingly, in the present
embodiment, it is possible to prevent the peak current
from being generated over a predetermined level at the
time when the gate is turned ON, and as a result, it is
possible to prevent the voltage of the display device from
dropping due to an excessive inrush current.
[0144] Although the technical idea of the present in-
vention have been described above for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications and changes are possible without depart-
ing from the scope of the invention. Therefore, the em-
bodiments disclosed in the present invention are not in-
tended to limit, but are intended to describe the technical
idea of the present invention, and the technical idea of
the present invention is not limited by the embodiments.
The protection scope of the present invention shall be
construed on the basis of the appended claims in such
a manner that all the technical ideas included within the
scope equivalent to the claims fall within the protection
scope of the present invention.

Claims

1. Electronic appliance including a display device
(100), the display device (100) is connected to a pow-
er supply device (190) providing a driving power (AC)
to the display device (100), the display device (100)
comprises a display panel (110) having a plurality of
data lines (DL) and gate lines (GL) crossing each
other, a plurality of pixels arranged in matrix form
defined by the data and gate lines (DL, GL), a data
driver (120), a gate driver (130), a timing controller
(140) adapted to control the data and gate drivers
(120, 130),
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characterized in that the timing controller (140) is
adapted to control the driving of each gate lines (GL)
by the gate driver (130) to correspond to a zero-cross
point of the driving power (AC) supplied from the
power supply device (190) for driving the display
panel (110).

2. The electronic appliance of claim 1, wherein the tim-
ing controller (140) is adapted to generate the control
signals according to a zero-cross signal provided
from the power supply device (190).

3. The electronic appliance as claimed in any one of
the preceding claims, wherein the power supply de-
vice (190) is adapted to generate the zero-cross sig-
nal for the AC power received from outside and to
provide the zero-cross signal to the timing controller
(140) for enabling the timing controller (140) to output
a gate control signal (GCS) and/or a sensing signal
(SENSE) to be matched with the zero-cross signal.

4. The electronic appliance as claimed in any one of
the preceding claims, wherein the external power
supply device (190) comprises at least a zero-cross
sensing unit (195) to generate the zero-cross signal.

5. The electronic appliance as claimed in claim 4,
wherein the external power supply device (190) fur-
ther comprises a synchronization unit (193) adapted
to rectify the AC power to generate a half-wave rec-
tified power and to transfer the rectified power to the
zero-cross sensing unit (195).

6. The electronic appliance as claimed in claim 4 or 5,
wherein the zero-cross sensing unit (195) receives
the half-wave rectified power and senses zero cross
points where the voltage becomes zero in the half-
wave rectified power so as to generate a zero-cross
signal ZCS.

7. The electronic appliance as claimed in any one of
the preceding claims, wherein the zero-cross sens-
ing unit (195) is adapted to provide the zero-cross
signal having zero-cross points detected per every
half cycle of the AC power to the timing controller
(140).

8. The electronic appliance as claimed in any one of
the preceding claims, wherein the timing controller
(140) is adapted to output the gate control signals
(GCS) and/or sensing signals (SENSE) to be
matched with the zero-cross points included in the
zero-cross signal so that the timing when a gate line
is turned ON and/or the timing when sensing is ini-
tiated are matched with the zero-cross points.

9. The electronic appliance as claimed in any one of
the preceding claims, wherein the timing controller

(140) is adapted to provide at least one of the gate
control signal (GSC) and the gate start pulse
(GSP/VSP) to the gate driver (130) in synchroniza-
tion with the zero-cross points of the zero-cross sig-
nal.

10. The electronic appliance as claimed in preceding
claim 5-9, wherein the synchronization unit (193) in-
cludes a photo coupler (210) performing half-wave
rectification on the AC power supply.

11. The electronic appliance as claimed in any one of
the preceding claims, wherein the external power
supply device (190) is adapted to generate at least
one driving power including one of a driving input
voltage (Vin), a logic power voltage (VDD) and a high
potential power voltage (EVDD) and to input the driv-
ing power to the power supply unit (150).

12. The electronic appliance as claimed in any one of
the preceding claims, wherein display panel (110) is
adapted to be operated in a display mode and a sens-
ing mode for providing a sensing function and a com-
pensation function.

13. The electronic appliance as claimed in any one of
the preceding claims, wherein the sensing mode
starts at a time when the power is turned OFF and
the display panel (110) performs a sensing process-
ing according to a power OFF signal to store sensing
data in a memory, wherein, when the power is turned
ON thereafter, the display panel (110) performs a
compensation processing using the stored sensing
data.

14. The electronic appliance as claimed in any one of
the preceding claims 1-16, wherein, while the power
is turned ON, the sensing processing is performed
in real time and the mode is changed to the sensing
mode according to the predetermined timing (blanc)
to perform the sensing processing.

15. Method for operating a display device (100) compris-
ing a display panel (110) having a plurality of data
lines (DL) and gate lines (GL) crossing each other,
a plurality of pixels arranged in matrix form defined
by the data and gate lines (DL, GL), a data driver
(120), a gate driver (130), a timing controller (140),
comprising the steps of:

- detecting zero-cross points in the power re-
ceived from outside; and
- controlling the driving of each gate line (GL) of
the gate driver (130) corresponding to the de-
tected zero-cross points.
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